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Optical lens unit having a mechanism for adjusting the focal point of the optical lens 



(57) An optical lens unit (20) comprises an optical 
lens (50) for focusing a light beam, a hollow cylindrical 
lens holder (30) having, on an inner circumferential sur- 
face, a support section (33) contacting one surface of 
the optical lens (50) and supporting a circumferential 
part thereof, an elastic member (40) interposed between 
the support section (33) and the optical lens (50), and a 



lens fastener (60) movable along an optical axis of the 
optical lens (50), clamping the optical lens (50) jointly 
with the lens holder (30), and contacting, atone end, the 
other surface of the optical lens (50). The lens fastener 
(60) pushes the circumferential part of the optical lens 
(50), thereby to deform the elastic member (40) to adjust 
the position of a focal point of the optical lens (50). 
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Description 

[0001 ] The present invention relates to an optical lens 
unit, more particularly to a mechanism for adjusting the 
focal point of the optical lens incorporated in an optical 
lens unit. 

[0002] Recent years have seen a remarkable ad- 
vance in portable photographing devices and portable 
communication devices. The amount of data that a port- 
able communication device can transmit is ever increas- 
ing. Along with this increase in transmittable data 
amount, there undergoes development of portable com- 
munication device, such as mobile telephones, each 
equipped with an image sensor. A mobile telephone with 
an image sensor functions not only as an audio commu- 
nication device, but also as an image communication 
device. One of the components indispensable to photo- 
graphing devices is an optical lens unit, which is assem- 
bled directly to the image sensor. In a camera system 
in which an image is focused through a lens, it is essen- 
tial that lens position is adjusted such that lens focus 
point comes to the focal plane of the image sensor. 
[0003] A conventional optical lens unit will be de- 
scribed with reference to FIG. 1, which is a sectional 
view of the optical lens unit. 

[0004] As FIG. 1 shows, the optical lens unit 10 com- 
prises a lens holder 11 , an optical lens 1 2, a lens barrel 
13, and a fastening ring 14. The small range focal point 
adjusting mechanism can be applied to adjust the small 
variation of focal distance in an optical lens or to adjust 
the flange back variation in the manufacturing process 
of a lens unit to the image sensor. 
[0005] The lens holder 11 is a hollow cylinder. The 
lens holder 11 has a female screw 15 in the inner cir- 
cumferential surface. 

[0006] The lens barrel 13 is a hollow cylindrical com- 
ponent. The lens barrel 13 has a male screw 16 on the 
outer circumferential surface. The lens barrel 13 is held 
in part in the lens holder 11, with the male screw 16 in 
mesh with the female screw 15 of the lens holder 11. 
When rotated, the lens barrel 1 3 moves along the optical 
axis 1 of the optical lens unit 10. 
[0007] The optical lens 12 has a collar. The collar 12 
is clamped between the lens barrel 13 and the fastening 
ring 14. The optical lens 12 is thereby held by and se- 
cured to the lens holder 11 . 

[0008] A light source 2 applies a light beam to the op- 
tical lens 1 2. The optical lens 1 2 focuses the light beam, 
forming an image in an image-forming plane. The lens 
barrel 13 may be rotated, thereby moving the optical 
lens 12 in the lens holder 11, along the optical axis of 
the optical lens unit 10. As the lens 12 is so moved, its 
focal point is moved or adjusted. 
[0009] In the optical lens unit 1 0 of FIG. 1 , the female 
screw 1 6 of the lens holder 1 3 and the female screw 1 6 
of the lens barrel 13 constitute a mechanism for adjust- 
ing the focal point of the optical lens 12. The focal point 
adjusting mechanism enables each optical lens units to 



be adjusted after assembly. This is indispensable to 
achieve high precision focusing, using low cost produc- 
tion process of a camera module incorporating a lens 
unit. This eliminates the need to make accurate lens as- 
5 sembly. Also, optical lens may have a variation on the 
focal distance that differs from the design value, for the 
following reason. 

[0010] Generally, low cost plastic optical lenses are 
mass-produced by means of molding. In the molding, 

10 molten resin is poured into molds and cooled therein, 
forming lenses, and the lenses thus formed are removed 
from the molds. The resin is gradually cooled down in 
the molds, thereby improving the characteristics of the 
resultant lenses. There is the trend that the resin cool 

15 down process is done in ashorttime in orderto enhance 
the productivity of optical lenses. Consequently, the 
lenses have characteristics, including the focal dis- 
tance, which may vary from the design values. To adjust 
the focal distance of each individual lens to a desired 

20 value, it is necessary to use the focal point adjusting 
mechanism described above. There are also variations 
of dimension in the lens collar 12, the lens holder 13, 
not to mention assembly positioning variation of image 
sensor and base substrate as well. 

25 [0011] As described above, the female screw 15 of 
the lens holder 13 and the female screw 16 of the lens 
barrel 1 3 constitute the focal point adjusting mechanism 
in the optical lens unit 1 0. When the barrel 1 3 is rotated, 
the lens 12, barrel 13 and ring 14 move together. Both 

30 the holder 11 and the barrel 13 have a relatively large 
diameter. It is inevitably difficult to render-the optical 
lens unit 10 smaller. Further, it is difficult to assemble 
the lens unit 1 0 to the image sensor with high precision, 
which constitutes the focal point adjusting mechanism. 

35 Additionally, dust may be generated as the screws 15 
and 16 slide one upon the other in frictional contact. 
Dust, if generated, floats in the lens holder 11 through 
which the light beam travels from the lens 1 2 toward the 
focal point. The dust may therefore adversely influences 

40 the image formed in the image-forming plane. 

[0012] The present invention has been made in view 
of the foregoing. The object of the invention is to provide 
an optical lens unit which has a simplified focal point 
adjusting mechanism and which can therefore be made 

45 small. 

[0013] To attain the object, an optical lens unit accord- 
ing to an aspect of the present invention comprises: an 
optical lens for focusing a light beam; a hollow cylindrical 
lens holder having, on an inner circumferential surface, 

50 a support section located on one side of the optical lens 
and supporting a circumferential part thereof; an elastic 
member interposed between the support section and 
the optical lens; and a lens fastener movable along an 
optical axis of the optical lens, clamping the optical lens 

55 jointly with the lens holder, contacting, at one end, the 
other side of the optical lens, and pushing the circum- 
ferential part thereof, thereby to deform the elastic mem- 
ber to adjust the position of a focal point of the optical 
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lens. 

[0014] An optical lens unit according to an aspect of 
the present invention comprises: an optical lens for fo- 
cusing a light beam, the optical lens having first projec- 
tions provided on a peripheral part and arranged in a 
circle; a hollow cylindrical lens holder having a support 
section supporting the optical lens at one surface there- 
of and atthe peripheral part thereof, the lens holder hav- 
ing second projections on the support section and ar- 
ranged in a circle, and the first projections and/or the 
second projections having tops inclined extending in a 
circle; and a lens fastener movable in the lens holder 
along an optical axis of the optical lens and coupled to 
the optical lens, for rotating the optical lens around the 
optical axis, with the first projections and the second pro- 
jections set in mutual contact, thereby to adjust the po- 
sition of a focal point of the optical lens. 
[001 5] Further, an optical lens unit according to an as- 
pect of the present invention comprises: a first optical 
lens having a collar, for focusing a light beam; a first 
guide shaped like a ring, provided on one side of the 
collar of the first optical lens and arranged coaxial with 
an optical axis of the first optical lens; a second optical 
lens having a collar, for focusing a light beam; a second 
guide shaped like a ring, provided on one side of the 
collar of the second optical lens, arranged coaxial with 
an optical axis of the second optical lens, and has a di- 
ameter smaller than that of the first guide; and at least 
three acute first projections provided on the inner cir- 
cumferential surface of the first guide and/or the outer 
circumferential surface of the second guide and contact- 
ing both the first guide and the second guide. 
[0016] In the optical lens units described above, the 
focal point of the optical lens or lenses is adjusted in 
position when the elastic member is pressed. The 
number of components required can therefore be re- 
duced. Moreover, the space in which screws are provid- 
ed is separated from the space in which the image-form- 
ing plane exists. Therefore, the dust at the one end of 
the optical filter or the dust generated from the screws 
would not fall onto the image-forming surface of the im- 
aging element (i.e., image-forming plane). The image 
formed by the imaging element is therefore free of black 
scars, black stain and the like resulting from the dust. 
Further, the generation of pseudo signals, such as flare 
signals, can be suppressed, thus increasing the image 
contrast. 

[0017] As described above, projections are provided 
on the support section of the lens holder and on the col- 
lar of the optical lens. The surfaces these projections 
contact are inclined in a range below 360 degree, and 
the focal point of the optical lens is adjusted in position 
by rotating the lens with respect to the lens holder. 
Hence, no screw-type rotating mechanisms are neces- 
sary, which results in reduction in the number of com- 
ponents required. 

[0018] In the optical lens unit having two lenses, a 
guide is provided for one lens and coaxially aligned 



therewith. The guide is used, combining the lenses. 
Thus, the lenses can be easily set into axial alignment. 
The guide does not directly contacts the other optical 
lens. The acute angle stress absorbing projections pro- 
5 vided on the guide contact the other optical lens. This 
helps to decrease the stress applied between the optical 
lenses. 

[0019] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
fo vention may also be a sub-combination of these de- 
scribed features. 

[0020] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

15 

FIG. 1 is a sectional view of a conventional optical 
lens unit; 

FIG. 2A is an exploded view of an optical lens unit 
according to a first embodiment of the invention, 
20 showing the components thereof; 

FIGS. 2B and 2C are sectional views, respectively 
explaining how the unit of FIG. 2A is operated to set 
the focal point at a long distance and a short dis- 
tance; 

25 FIG. 3A is an exploded view of an optical lens unit 
according to a second embodiment of the invention, 
illustrating the components thereof; 
FIGS. 3B and 3C are sectional views, respectively 
explaining how the unit of FIG. 3A is operated to set 
30 the focal point at a long distance and a short dis- 
tance; 

FIG. 4A is an exploded view of a section of an op- 
tical lens unit according to a third embodiment of 
the invention; 

35 FIG. 4B is a top view of the lens holder incorporated 
in the optical lens unit shown in FIG. 4A; 
FIGS. 4C and 4D are sectional views, respectively 
explaining how the unit of FIG. 4A is operated to set 
the focal point at a long distance and a short dis- 
40 tance; 

FIG. 5A is an exploded view of a section of an op- 
tical lens unit according to a fourth embodiment of 
the invention; 

FIGS. 5B and 5C are sectional views, respectively 
45 explaining how the unit of FIG. 5A is operated to set 
the focal point at a long distance and a short dis- 
tance; 

FIG. 5D is an exploded view of a modification of the 
fourth embodiment of the invention; 
50 FIG. 6A is an exploded view of a section of an op- 
tical lens unit according to a fifth embodiment of the 
present invention; 

FIGS. 6B and 6C are sectional views, respectively 
explaining how the unit of FIG. 6A is operated to set 
55 the focal point at a long distance and a short dis- 
tance; 

FIG. 6D is an exploded view of a section of a mod- 
ification of the fifth embodiment of the invention; 
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FIG. 7 A is an exploded view of a section of an op- 
tical lens unit according to a sixth embodiment of 
the invention; 

FIGS. 7B and 7C are sectional views, respectively 
explaining how the unit of FIG. 7A is operated to set 
the focal point at a long distance and a short dis- 
tance; 

FIGS. 8A and 8B are exploded views of the optical 
lens unit according to a seventh embodiment of this 
invention; 

FIG. 9A is an exploded view of the optical lens unit 
according to an eighth embodiment of the invention; 
FIG. 9B is a sectional view of the optical lens unit 
shown in FIG. 9A; 

FIG. 9C is a sectional view of a modification of the 
optical lens unit illustrated in FIG. 9A; 
FIG. 1 0A is a sectional view of the mold for manu- 
facturing the lens holder of the optical lens unit 
shown in FIG. 9A; 

FIG. 1 0B is a perspective view of a mold for manu- 
facturing a plurality of identical lens holders; 
FIG. 11 A is a sectional view of a first modification 
of the first to eighth embodiments of the invention; 
FIG. 1 1 B is an exploded view of a second modifica- 
tion of the first to eighth embodiments of the inven- 
tion; and 

FIGS. 1 1 C is a sectional view of the optical lens unit 
shown in FIG. 11 B. 

[0021] FIG. 2A is an exploded view of an optical lens 
unit 20, which is the first embodiment of the present in- 
vention. FIGS. 2B and 2C are sectional views of the op- 
tical lens unit 20. The optical lens unit has a focal-point- 
adjusting mechanism. 

[0022] As shown in FIGS. 2A to 2C, the optical lens 
unit 20 comprises a lens holder 30, a cushion 40, an 
optical lens 50, and a lens fastener 60. 
[0023] The lens holder 30 is a hollow cylinder. It has 
an opening 31 in the bottom and a female screw 32 in 
the inner circumferential surface. 
[0024] The cushion 40 has a refractive index similar 
to that of the optical lens 50. It is a black light-absorbing 
body that is elastic. The cushion 40 is shaped like a ring 
and functions as a seal. It is mounted on the bottom (or 
flange 33) of the lens holder 30. Functioning as a seal, 
the cushion 40 remains in close contact with the flange 
33 of the lens holder 30. 

[0025] The optical lens 50 has a collar. The lens 50 is 
provided on the flange 33 of the lens holder 30, with its 
collar set in contact with the cushion 40. The optical lens 
50 is arranged with its optical axis 3 aligned with the 
center of the opening 31 of the lens holder 30. Note that 
the cushion 40 contacts the collar of the optical lens 50. 
[0026] The lens fastener 60 is shaped like a hollow 
cylinder, opening at both the top and the bottom. It con- 
sists of a large-diameter section and a small-diameter 
section. The small-diameter section, or lower section, 
has an outer diameter that is equal to the inner diameter 



of the lens holder 30. The small-diameter section has a 
male screw 61 on its outer circumferential surface. The 
male screw 61 meshes with the female screw 32 of the 
lens holder 30. The optical lens 50 has its collar held 
5 between the cushion 40 and the small-diameter section 
of the lens fastener 60. Thus, the optical lens 50 is held 
in the lens holder 30. 

[0027] As shown in FIGS. 3B and 2C, a light source 
4 emits a light beam incident to the optical lens 50. The 
10 lens 50 focuses the light beam, which passes through 
the opening 31 of the lens holder 30. The light beam 
forms an image in an image-forming plane 5. In the im- 
age-forming plane 5 there is provided a photosensor 
(not shown). 

15 [0028] The method of adjusting the focal point of the 
optical lens 50 will be described, with reference to FIGS. 
2B and 2C. FIG. 2B is a sectional view, explaining how 
the optical lens unit 20 is operated to set the focal point 
at a long distance. FIG. 2C is a sectional view, too, ex- 

20 plaining how the unit 20 is operated to set the focal point 
at a short distance. 

[0029] To adjust the focal point in position, the lens 
fastener 60 is rotated. The lens fastener 60 is thereby 
moved up or down along the optical axis 3 of the lens 
25 50, by virtue of the focal point adjusting mechanism con- 
stituted by the female screw 32 and the male screw 61 . 
When the lens fastener 60 is moved down as shown in 
FIG. 2B, it pushes optical lens 50 downwards, com- 
pressing the cushion 40. Therefore, the optical lens 50 
30 moves toward the flange 33 of the lens holder 30. Con- 
versely, when the lens fastener 60 is moved up as 
shown in FIG. 2C, it pushes optical lens 50 upwards, 
expanding the cushion 40. In this case, the optical lens 
50 moves away from the flange 33 of the lens holder 30. 
35 Thus, the focal point of the lens 50 can be adjusted in 
position. 

[0030] The lens fastener 60 needs only to be de- 
signed to push the optical lens 50. The optical lens 50 
can be moved up and down to adjust the focal point, 
40 thanks to the elastic deformation of the cushion 40. The 
focal point adjusting mechanism is simple in structure, 
comprising only a few components. Comprising a few 
components, the mechanism helps to reduce the size 
of the optical lens unit 20 and decrease the number of 
45 manufacturing steps thereof. 

[0031] As described above, the cushion 40 is provid- 
ed between the optical lens 50 and the flange 33 of the 
lens holder 30. Hence, dust, if any generated due to the 
friction between the male screw 32 and the female 
50 screw 61 , would not enter the space between the optical 
lens 50 and the image-forming plane 5. In addition, the 
stray light enters to the collar of the lens 50 propagates 
into the cushion 40, hardly reflected at the interface be- 
tween the cushion 40 and the lens 50. This is because 
55 the cushion 40 and the lens 50 are made of materials 
that have similar refractive indices. Further, the cushion 
40, which is a black light-absorbing body, absorbs the 
stray light coming to it. Thus, stray light is prevented 
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from reaching the image-forming plane 5. Moreover, the 
cushion 40 attenuates pseudo signals such as flare, en- 
hancing the image contrast in the image-forming plane 
5. 

[0032] An optical lens unit 20 according to the second 

embodiment of the present invention will be described, 

with reference to FIGS. 3A to 3C. FIG. 3A is an exploded 

view of this optical lens unit 20. FIGS. 3B and 3C are 

sectional views of the optical lens unit 20. 

[0033] As shown in FIG. 3A, the second embodiment 

comprises a lens holder30, acushion 40, an optical lens 

50, a lens fastener 60, and a lens cover 70. 

[0034] The lens holder 30 is a hollow cylinder. It has 

an opening 31 in the bottom and a projection 34 on the 

outer circumferential surface. 

[0035] The cushion 40 has a refractive index similar 
to that of the optical lens 50. It is a black light-absorbing 
body that is elastic. The cushion 40 is shaped like a ring 
and functions as a seal. It is mounted on the bottom (or 
flange 33) of the lens holder 30. Functioning as a seal, 
the cushion 40 remains in close contacts with the flange 
33 of the lens holder 30. 

[0036] The optical lens 50 has a collar. The lens 50 is 
provided on the flange 33 of the lens holder 30, with its 
collar held in contact with the cushion 40. The optical 
lens 50 is arranged with its optical axis 3 aligned with 
the center of the opening 31 of the lens holder 30. It 
should be noted that the cushion 40 is set in contact with 
the collar of the optical lens 50. 

[0037] The lens fastener 60 is a hollow cylinder. The 
fastener 60 has an annular groove 64 made in the bot- 
tom. In the annular groove 64, the upper part of the lens 
holder 30 is inserted. In the outer inner surface of the 
annular groove 64, a groove 63 is cut. This groove 63 
has a cross section similar to that of the projection 34 of 
the lens holder 30. The lens fastener 60 further has at 
least three projections 62 on the top. The projections 62 
support the lens cover 70, determining the horizontal po- 
sition the lens cover 70 takes with respect to the lens 
fastener 60. 

[0038] The lens cover 70 is a transparent one, pro- 
tecting the optical lens 50. The cover 70 has depres- 
sions in its lower surface. In the depressions the projec- 
tions 62 of the lens fastener 60 are fitted, preventing the 
lens cover 70 from moving in the horizontal direction 
with respect to the lens fastener 60. 
[0039] In the second embodiment, i.e., the optical lens 
unit 20 of FIGS. 3A to 3C, lens fastener 60 is not fixed 
to the lens holder 30. That is, the fastener 60 can move 
up and down along the optical axis 3 of the lens 50. This 
is because the upper part of the lens holder 30 is loosely 
inserted in the annular groove 64 of the lens fastener 
60, constituting a so-called "floating structure." The 
longest distance the lens fastener 60 can move along 
the optical axis 3 is the difference between the length of 
the groove 63 of the fastener 60 and the length of the 
projection 34 of the lens holder 30. 
[0040] As shown in FIGS. 3B and 3C, a light source 



4 emits a light beam, incident to the optical lens 50 
through the lens cover 70. The lens 50 focuses the light 
beam, which passes through the opening 31 of the lens 
holder 30. The light beam forms an image in an image- 
5 forming plane 5. 

[0041] The method of adjusting the focal point of the 
optical lens 50 will be described, with reference to FIGS. 
3B and 3C. FIG. 3B is a sectional view, explaining how 
the optical lens unit 20 is operated to set the focal point 
at a long distance. FIG. 3C is a sectional view, too, ex- 
plaining how the unit 20 is operated to set the focal point 
at a short distance. 

[0042] In order to adjust the focal point in position, the 
lens cover 70 is moved along the optical axis 3 (or in the 
vertical direction in FIGS. 3B and 3C). When the cover 
70 is pushed toward the optical lens 50, the lens fastener 
60 pushes the optical lens 50 onto the flange 33 of the 
lens holder 30. The cushion 40 held between the bottom 
of the holder 30 and the collar of the lens 50 is thereby 
compressed. As a result, the optical lens 50 moves to- 
ward the flange 33. Conversely, when the cover 70 is 
pulled away from the optical lens 50, the cushion 40 ex- 
pands by virtue of its elasticity. Hence, the optical lens 
50 moves away from the flange 33 toward the lens cover 
70. Thus, the focal point of the lens 50 can be adjusted 
in position. 

[0043] In the second embodiment of the invention, it 
suffices to push the lens cover 70 to adjust the position 
the lens fastener 60 takes on the optical axis 3, with re- 
spect to the lens holder 30. The cover 70 may be 
pushed, compressing the cushion 40, and may be 
pulled, expanding the cushion 40, thereby to adjust the 
focal point of the optical lens 50. No screw needs to be 
cut in the lens holder 30. Nor is it necessary to cut a 
screw in the lens fastener 60. Hence, the lens holder 30 
and the lens fastener 60 can be simplified in structure. 
This helps to reduce the size of the optical lens unit 20. 
Having simple structures, the lens holder 30 and the 
lens fastener 60 can be manufactured at low cost. 
Therefore, the manufacturing cost of the second em- 
bodiment greatly decreases. Moreover, the lens holder 
30, cushion 40, lens 50, lens fastener 60 and lens cover 
70 can be easily assembled since neither the holder 30 
nor the fastener 60 has a screw, thus enhancing the as- 
sembling precision. Since the holder 30 and the fastener 
60 have no screws at all, no dust is generated at the 
contact between the holder 30 and the fastener 60. Fur- 
ther, a force is applied to only the projections 62 of the 
fastener 60 as the lens cover 70 is pushed down, which 
decreases the force that may move the lens cover 70 in 
the horizontal direction with respect to the lens fastener 
60. 

[0044] Hence, the second embodiment, i.e., the opti- 
cal lens unit 20 of FIGS. 3A to 3C can be advantageous 
not only in productivity but also in the reliability of form- 
ing an image in the image-forming plane 5. 
[0045] An optical lens unit 20 according to the third 
embodiment of the present invention will be described, 
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with reference to FIGS. 4A to 4D. The third embodiment 
is identical to the second embodiment, except that 
springs are used in place of the cushion 40. FIG. 4A is 
an exploded view of a section of the third embodiment. 
FIG. 4B is a top view of the lens holder incorporated in 
the optical lens unit shown in FIG. 4A. FIGS. 4C and 4D 
are sectional views of the third embodiment. 
[0046] As can be seen from FIG. 4A, the springs 41 
are used in place of the cushion 40, in the third embod- 
iment. The springs 41 are formed integral with the flange 
33 of the lens holder 30. They are shaped like a flap. 
Each spring 41 contacts, at its upper end, the collar of 
the optical lens 50. The springs 41 are bent downwards 
when the lens fastener 60 is pushed down. Hence, as 
the force applied to the fastener 60 is controlled, the op- 
tical lens 50 is moved along the optical axis 3 (FIGS. 4C 
and 4D), adjusting the focal point in position. 
[0047] Since the springs 41 are formed integral with 
the lens holder 30, the third embodiment comprises few- 
er components than otherwise. It follows that the third 
embodiment is easy to assemble and can, therefore, be 
manufactured at low cost. 

[0048] The third embodiment may be redesigned to 
be identical to the first embodiment, except that the 
springs 41 are used in place of the cushion 40. In this 
case, however, dust may be generated due to the friction 
between the male screw 32 of the lens holder 30 and 
the female screw 61 of the lens fastener 60. In consid- 
eration of this, it is desirable to apply the third embodi- 
ment to the second embodiment that has no screws at 
all. 

[0049] An optical lens unit 20 according to the fourth 
embodiment of the invention will be described, with ref- 
erence to FIGS. 5A to 5C. The fourth embodiment is 
identical to the second embodiment, except that it com- 
prises an additional component, i.e., a focal point ad- 
justing slide plate. FIG. 5A is an exploded view of a sec- 
tion of the fourth embodiment. FIGS. 5B and 5C are sec- 
tional views of the optical lens unit 20. 
[0050] The focal point adjusting slide plate cooper- 
ates with the lens cover to adjust the focal point of the 
optical lens, as will be described later in detail. 
[0051] As FIG. 5A shows, the cushion 40 is mounted 
on the flange 33 of the lens holder 30, and the optical 
lens 50 is arranged, with its collar set in contact with the 
cushion 40. The cushion 40 is therefore interposed be- 
tween the flange 33 and the collar of the lens 50. The 
upper part of the lens holder 30 is loosely inserted in the 
annular groove of the lens fastener 60. The optical lens 
50 is thereby held in the lens holder 30, with its collar 
clamped between the cushion 40 and the lens fastener 
60. The projections 62 of the lens fastener 60 support 
the lens cover 70, while fitted in the depressions made 
in the lower surface 71 of the lens cover 70. 
[0052] The lens cover 70 is positioned, with the lower 
surface 71 extending at right angles to the optical axis 
3 of the optical lens 3. The upper surface 72 of the lens 
cover 70 inclines at a predetermined angle to the optical 



axis 3. 

[0053] The focal point adjusting slide plate 73 is 
placed on the upper surface 72 of the lens cover 70. The 
lower surface 74 of the plate 73, which contacts the up- 
5 per surface 72 of the cover 70, is inclined to the optical 
axis 3 at an angle similar to the inclination angle of the 
upper surface 72. 

[0054] As shown in FIGS. 5B and 5C, a light source 
4 emits a light beam, incident to the optical lens 50, first 

10 through the focal point adjusting slide plate 73 and then 
through the lens cover 70. The lens 50 focuses the light 
beam, which passes through the opening 31 of the lens 
holder 30. The light beam forms an image in an image- 
forming plane 5. 

15 [0055] The method of adjusting the focal point of the 
optical lens 50 will be described, with reference to FIGS. 
5B and 5C. FIG. 5B is a sectional view, explaining how 
the optical lens unit 20 is operated to set the focal point 
at a long distance. FIG. 5C is a sectional view, too, ex- 

20 plaining how the unit 20 is operated to set the focal point 
at a short distance. 

[0056] To adjust the focal point in position, the focal 
point adjusting slide plate 73 is moved in a plane that 
extends at right angles to the optical axis 3 of the optical 

25 lens 50 (or to the left or right in FIGS. 5B and 5C). When 
the plate 73 is moved to the right as shown in FIG. 5B, 
it applies a force to the lens cover 70, pushing the same 
downwards. In this case, the lens fastener 60 pushes 
the optical lens 50 toward the flange 33 of the lens holder 

30 30. Thus pushed, the optical lens 50 compresses the 
cushion 40. Conversely, when the plate 73 is moved to 
the left as illustrated in FIG. 5C, the force applied to the 
lens cover 70 decreases, whereby the lens cover 70 
moves up. The cushion 40 therefore expands, pushing 

35 the optical lens 50 upward from the flange 33 toward the 
lens cover 70. Thus, the focal point of the lens 50 can 
be adjusted in position on the optical axis 3 of the lens 
50. 

[0057] In the focal point adjusting method described 
40 with reference to FIGS. 5B and 5C, the focal point ad- 
justing slide plate 73 is moved in the plane extending at 
right angles to the optical axis 3, thereby to adjust the 
focal point of the optical lens 50. Hence, it is possible to 
adjust the focal point more minutely by decreasing the 
45 angle at which the surfaces 72 and 74 are inclined to 
the optical axis 3. 

[0058] In the fourth embodiment, the focal point ad- 
justing slide plate 73 has a window through which a light 
beam may pass to the optical lens 50. The slide plate 
50 73 need not have a window if it is made of a material 
transparent to light. 

[0059] The cushion 40 is used in the fourth embodi- 
ment (FIGS. 5A to 5C). The fourth embodiment may be 
modified as illustrated in FIG. 5D. In the modification of 
55 FIG. 5D, the cushion 40 is replaced by springs 41 of the 
same type as incorporated in the third embodiment. 
[0060] An optical lens unit 20 according to the fifth em- 
bodiment of this invention will be described, with refer- 
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ence to FIGS. 6A to 6C. Like the fourth embodiment, the 
fifth embodiment has a focal point adjusting mechanism 
that uses no screws at all. The fifth embodiment is con- 
cerned with a technique of controlling the pushing force 
applied to a cushion 40. FIG. 6A is an exploded view of 
a section of the fifth embodiment. FIGS. 6B and 6C are 
sectional views of the fifth embodiment. 
[0061] In the fifth embodiment, the lens fastener 60 is 
rotated to generate a force to push the cushion 40. In 
this respect the fifth embodiment differs from the fourth 
embodiment in which the focal point adjusting slide plate 
73 is moved in a horizontal direction to push the cushion 
40. 

[0062] As shown in FIG. 6A, the lens holder 30 is a 
hollow cylinder that has an opening 31 in the bottom. It 
has three inclined surfaces 37-1 , 37-2 and 37-3 its top. 
The surfaces 37-1 to 37-3 have arcuate shape in a range 
below 360 degree. 

[0063] The cushion 40 has a refractive index similar 
to that of the optical lens 50. The cushion 40 is a black 
light-absorbing body that is elastic. It is shaped like a 
ring and functions as a seal. It is mounted on the bottom 
(or flange 33) of the lens holder 30. Functioning as a 
seal, the cushion 40 remains in close contact with the 
flange 33 of the lens holder 30. 

[0064] The optical lens 50 has a collar. The lens 50 is 
provided on the flange 33 of the lens holder 30, with its 
collar held in contact with the cushion 40. The optical 
lens 50 is arranged with its optical axis 3 aligned with 
the center of the opening 31 of the lens holder 30. Note 
that the cushion 40 is set in contact with the collar of the 
optical lens 50. 

[0065] The lens fastener 60 is a hollow cylinder. The 
fastener 60 is composed of at least two sections. For 
example, it consists of a small-diameter section 65 and 
a large-diameter section 66, which will be hereinafter re- 
ferred to as "first section" and "second section," respec- 
tively. The first section 65 has an outer diameter equal 
to the inner diameter of the lens holder 30. The lower 
end of the first section 65 abuts on the collar of the op- 
tical lens 50. The second section 66 has three inclined 
surfaces on its lower end. (Of the three inclined surfac- 
es, only two surfaces 67-1 and 63-2 are shown in FIGS. 
6A and 6C.) The surfaces 67-1 to 67-3 have arcuate 
shape in a range below 360 degree. As shown in FIG. 
6B, the first section 65 is inserted in the lens holder 30, 
while the three inclined surfaces abuts on the three in- 
clined surfaces of the lens holder 30, respectively. (Only 
two inclined surfaces 37-1 to 37-3 are shown in FIGS. 
6B and 6C.) The first section 65 of the lens fastener 60 
and the cushion 40 mounted on the flange 33 of the lens 
holder 30 clamp the collar of the optical lens 50, whereby 
the lens 50 is held in the lens holder 30. 
[0066] The optical lens 50 focuses any light beam in- 
cident to it. The light beam passes through the opening 
31 of the lens holder 30, forming an image in an image- 
forming plane 5. 

[0067] The method of adjusting the focal point of the 



optical lens 50 will be described, with reference to FIGS. 
6B and 6C. FIG. 6B is a sectional view, explaining how 
the optical lens unit 20 is operated to set the focal point 
at a long distance. FIG. 6C is a sectional view, too, ex- 
5 plaining how the unit 20 is operated to set the focal point 
at a short distance. 

[0068] To adjust the focal point in position, the lens 
fastener 60 is rotated around the optical axis 3 of the 
lens 50. As the lens fastener 60 is so rotated, it moves 

10 relative to the lens holder 30, along the optical axis 3 of 
the lens 50. More precisely, when the lens fastener 60 
is rotated clockwise, it pushes the optical lens 50 down- 
wards while its inclined surfaces 67-1 to 67-3 are sliding 
in one direction on the inclined surfaces 37-1 to 37-3 of 

15 the lens holder 30, respectively. The optical lens 50 
compresses the cushion 40 as is illustrated in FIG. 6B. 
Namely, the optical lens 50 moves toward the flange 33 
of the lens holder 30. Therefore, the focal point of the 
lens 50 is set at a long distance from the optical lens 

20 unit 20. On the other hand, when the lens fastener 60 is 
rotated counterclockwise, it pulls the optical lens 50 up- 
wards whilethe inclined surfaces 67-1 to 67-3 are sliding 
in the other direction on the inclined surfaces 37-1 to 
37-3 of the lens holder 30, respectively. The optical lens 

25 50 allows the cushion 40 to expand as is illustrated in 
FIG. 6C. The cushion 40 pushes up the optical lens 50, 
which moves away from the flange 33 of the lens holder 
30 toward the lens fastener 60. In this case, the focal 
point of the lens 50 is set at a short distance from the 

30 optical lens unit 20. Thus, the focal point of the lens 50 
can be adjusted in position on the optical axis 3 of the 
lens 50. 

[0069] In this method, too, it is possible to control the 
pushing force applied to a cushion 40. The cushion 40 
35 can of course be replaced by springs 41 of the same 
type as incorporated in the third embodiment, as is illus- 
trated in FIG. 6D. 

[0070] An optical lens unit 20 according to the sixth 
embodiment of the present invention will be described, 

40 with reference to FIGS. 7A to 7C. FIG. 7A is an exploded 
view of a section of the sixth embodiment. FIGS. 7B and 
7C are sectional views of the sixth embodiment. 
[0071] The sixth embodiment does not use elastic 
members (cushions or springs) as in the first to fifth em- 

45 bodiments. Nor does it have a screw-type rotating 
mechanism for adjusting a focal point. 
[0072] As FIG. 7A shows, the optical lens unit 20 ac- 
cording to the sixth embodiment comprises a lens holder 
30, an optical lens 50, and a lens fastener 60. 

50 [0073] The lens holder 30 is a hollow cylinder. It has 
an opening 31 in the bottom and three projections 35-1 
to 35-3 on the bottom (or flange 33). The projections 
35-1 to 35-3 are arranged in a circle. Each of the pro- 
jections 35-1 to 35-3 has an inclined surface at the top. 

55 The top surfaces of the projections 35-1 to 35-3 have 
arcuate shape in a range below 360 degree. 
[0074] The optical lens 50 has a collar. The collar of 
the lens 50 has three inclined surfaces 51-1 to 51-3 on 
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its lower side that contacts the flange 33. The surfaces 
51-1 to 51-3 have arcuate shape in a range below 360 
degree. The collar has three projections 52-1 to 52-3 on 
its upper side that faces the lens fastener 60. The pro- 
jections 52-1 to 52-3 are arranged in a circle and spaced 
almost equidistantly from one another. The optical lens 
50 is positioned in the lens holder 30, with the inclined 
surfaces 51-1 to 51-3 abutting on the projections 35-1 
to 35-3 provided on the flange 33. 
[0075] The lens fastener 60 is a hollow cylinder. As 
shown in FIGS. 7B and 7C, the lens fastener 60 is com- 
posed of a small-diameter section and a large-diameter 
section. The large-diameter section is mounted on the 
small-diameter section, formed integral therewith and 
arranged coaxial thereto. The small-diameter section 
has three depressions in its lower surface. The projec- 
tions 52-1 to 52-3 of the lens 50 are fitted in the depres- 
sions, thus preventing the lens fastener 60 from rotating 
with respect to the optical lens 50. 
[0076] As shown in FIGS. 7B and 7C, a light source 
4 emits a light beam, incident to the optical lens 50. The 
lens 50 focuses the light beam, which passes through 
the opening 31 of the lens holder 30. The light beam 
forms an image in an image-forming plane 5. 
[0077] The method of adjusting the focal point of the 
optical lens 50 will be described, with reference to FIGS. 
7B and 7C. FIG. 7B is a sectional view, explaining how 
the optical lens unit 20 is operated to set the focal point 
at a long distance. FIG. 7C is a sectional view, too, ex- 
plaining how the unit 20 is operated to set the focal point 
at a short distance. 

[0078] In order to adjust the focal point in position, the 
lens fastener 60 is rotated around the optical axis 3 of 
the lens 50. As the lens fastener 60 is rotated, the optical 
lens 50 rotates, too. This is because the projections 52-1 
to 52-3 of the lens 50 are fitted in the depressions that 
are made in the lower surface of the lens fastener 60. 
When the lens fastener 60 is rotated clockwise, the op- 
tical lens 50 rotates in the same direction from the po- 
sition shown in FIG. 7B. As the lens 50 so rotates, its 
inclined surfaces 51 -1 to 51 -3 slide clockwise on the pro- 
jections 35-1 to 35-3 of the lens holder 30, respectively. 
As a result, the optical lens 50 moves upwards, as 
shown in FIG. 7C. Therefore, the focal point of the lens 
50 is set at a short distance from the optical lens unit 
20. On the other hand, when the lens fastener 60 is ro- 
tated counterclockwise, the optical lens 50 rotates from 
the position shown in FIG. 7C. As the lens 50 so rotates, 
its inclined surfaces 51 -1 to 51 -3 slide counterclockwise 
on the projections 35-1 to 35-3 of the lens holder 30, 
respectively. In this case, the optical lens 50 moves 
downwards, as shown in FIG. 7B. Therefore, the focal 
point of the lens 50 is set at a long distance form the 
optical lens unit 20. Thus, the focal point of the lens 50 
can be adjusted in position on the optical axis 3 of the 
lens 50. 

[0079] As mentioned above, the sixth embodiment 
does not use elastic members (cushions or springs). 



Hence, the optical lens unit 20 according to the sixth 
embodiment can have a simple structure. It follows that 
the sixth embodiment can be manufactured at low cost 
and assembled with high precision. 

5 [0080] An optical lens unit 20 according to the seventh 
embodiment of the invention will be described, with ref- 
erence to FIGS. 8A to 8C. FIG. 8A is an exploded view 
of this embodiment. FIG. 8B is an exploded view of a 
part of the unit 20 as viewed in a different direction. 

w [0081] According to the seventh embodiment, an op- 
tical filter allows passage of some components of the 
coming light, whose wavelengths fall within a specific 
range. 

[0082] As FIGS. 8A and 8B show, this optical lens unit 
15 20 comprises a lens holder 30, an optical filter 36, an 
optical lens 50, and a lens fastener 60. The lens holder 

30 has a hollow cylindrical section having an opening 

31 in the bottom (or flange 33). The optical filter 36 is 
laid on the flange 33, closing the opening 31 . Four pro- 

20 jections 35-1 to 35-4 are provided on the flange 33. They 
are arranged at the four sides of the optical filter 36, re- 
spectively, thus surrounding the optical filter 36. Each of 
the projections 35-1 to 35-4 has an inclined surface at 
the top. 

25 [0083] The optical lens 50 has a collar. The lens 50 is 
provided on the flange 33 of the lens holder 30. The col- 
lar of the lens 50 has four inclined surfaces 51 -1 to 51 -4 
on its lower side. (Only three of these surfaces, 51 -1 to 
5-3, are shown in FIGS. 8A and 8B.) The surfaces 51 -1 
30 to 51-4 have arcuate shape in a range below 360 de- 
gree. The collar has three projections 52-1 to 52-3 on 
its upper side that faces the lens fastener 60. The pro- 
jections 52-1 to 52-3 are arranged in a circle and spaced 
almost equidistantly from one another. The optical lens 
35 50 is positioned in the lens holder 30, with the inclined 
surfaces 51 -1 to 51 -4 abutting on, respectively, the pro- 
jections 35-1 to 35-4 provided on the flange 33 of the 
lens holder 30. 

[0084] The four projections 35-1 to 35-4 provided on 
40 the flange 33 bring forth an advantage, which will be de- 
scribed below. 

[0085] Generally, an optical lens unit incorporates an 
optical filter. The optical lens unit is a cylindrical device, 
whereas most optical filters available at low price are 
45 square plates. The optical filter 36 should better be a 
disc-shaped one since the flange 33 is a disc. To reduce 
the manufacturing cost of the unit 20, however, it is de- 
sirable to use a square optical filter that is cheap. 
[0086] The optical filter 36 should not be provided be- 
so tween the lens holder 30 and an image-forming plane 
5. This is because dust may be generated at the edges 
of the optical filter 36. It is therefore better to position 
the optical filter 36 outside the space in which the image- 
forming plane 5, or a photosensor, is arranged. 
55 [0087] In the seventh embodiment, the optical filter 
36, which is a square component, is mounted on the 
flange 33, and the four projections 35-1 to 35-4 are ar- 
ranged at positions where the optical filter 36 does not 
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overlap the flange 33. Thus, the seventh embodiment 
fulfills the above-mentioned two requirements, i.e., the 
use of a square optical filter, and the position thereof 
being outside the space in which the image-forming 
plane 5 exists. 

[0088] It is important to arrange the projections 35-1 
to 35-3 outside the square optical filter 36 in the seventh 
embodiment. How many projections should be provided 
is not so important. Therefore, the number of the pro- 
jections is not limited to four, though it is best to provide 
four projections. 

[0089] An optical lens unit, which is the eighth embod- 
iment of the invention will be described, with reference 
to FIGS. 9A and 9B. FIG. 9A is an exploded view of the 
eighth embodiment that has a mechanism for adjusting 
the position of the focal point. FIG. 9B is a sectional view 
of the eighth embodiment. The eighth embodiment is 
identical to the seventh embodiment, except that it in- 
corporates an additional optical lens. 
[0090] As FIGS. 9A and 9B show, the lens holder 30 
is a hollow cylinder. The lens holder 30 has an opening 
31 in the bottom 33. The opening 31 is coaxial with the 
optical axis 3 of the lens unit. An optical filter 36 is 
mounted on the bottom (i.e., flange 33) of the lens holder 
30, covering the opening 31 . The lens holder 30 has four 
projections 35-1 to 35-4, which protrude from the flange 
33 and surround the optical filter 36. 
[0091 ] The optical lens 50 has a collar. The collar has 
four inclined surfaces on the lower side. (In FIG. 9A, only 
three of the arcuate inclined surfaces, 51-1, 51-2 and 
51 -3, are illustrated.) The four inclined surfaces contact 
the projections 35-1 to 35-4 of the lens holder 30. The 
optical lens 50 has a ring-shaped guide 55 on the upper 
side of the collar. The guide 55 is positioned coaxial to 
the optical axis of the optical lens 50. The guide 55 has 
three acute projections 57-1 to 57-3 that extend out- 
wards from the outer circumferential surface. Three pro- 
jections 56-1 to 56-3 protrude from the upper side of the 
collar, surrounding the guide 55. 
[0092] The eighth embodiment has an additional op- 
tical lens 100. The lens 100 is mounted on the optical 
lens 50 and positioned coaxial therewith. The additional 
optical lens 100 has a collar. The collar has three in- 
clined surfaces 101-1 to 101-3, which contact the pro- 
jections 56-1 to 56-3 of the optical lens 50. As seen from 
in FIG. 9B, the inclined surfaces 1 01 -1 to 1 01 -3 are pro- 
vided on the lower side of the collar, only at the periph- 
eral part of the lower side. In other words, the inclined 
surfaces 101-1 to 101-3 are the surfaces of three pro- 
jections provided on the lower peripheral part of the col- 
lar. Further, three projections 1 02-1 to 1 02-3 are provid- 
ed on the upper side of the collar of the additional optical 
lens 100. The additional optical lens 100 is combined 
with the optical lens 50, with the guide 55 surrounded 
by the inclined surfaces 1 01 -1 to 1 01 -3 of the additional 
optical lens 1 00. The guide 55 does not directly contact 
the projections having the inclined surfaces 101-1 to 
101-3, because guide 55 has three projections 57-1 to 



57-3. Only the tips of the acute projections 57-1 to 57-3 
contact the projections having the inclined surfaces 
101-1 to 101-3. 

[0093] A ring 110 is interposed between the optical 
5 lens 50 and the additional optical lens 1 00. The ring 1 1 0 
is a light absorber and is surrounded by the ring-shaped 
guide 55. It contacts both lenses 50 and 1 00. It absorbs 
the light incident to the collar of the additional optical 
lens 100. 

w [0094] The lens faster 60 has an opening, through 
which the optical axis of the lens unit extends. The lens 
fastener 60 is mounted on the additional optical lens 
1 00. It has recesses in the lower side, in which the pro- 
jections 102-1 to 102-3 of the lens 100 are fitted. 

15 [0095] The focal point is adjusted in position in the 
eighth embodiment, in the same way as has been de- 
scribed with reference to FIGS. 7B and 7C in conjunc- 
tion with the sixth embodiment. That is, the optical lens 
50 is rotated around the optical axis, with the four in- 

20 dined surfaces 51-1 to 51-4 held in contact with the pro- 
jections 35-1 to 35-4 of the lens holder 30. Thus, the 
optical lens 50 moves along the optical axis of the optical 
lens unit. Similarly, the additional optical lens 100 is ro- 
tated around the optical axis, with the three inclined sur- 

25 faces 1 01 -1 to 1 01 -3 held in contact with the projections 
56-1 to 56-3 of the optical lens 50. The optical lens 50 
therefore moves along the optical axis of the optical lens 
unit. 

[0096] The two optical lenses 50 and 100 can easily 

30 aligned with the optical axis of the optical lens unit, be- 
cause the optical lens 50 has a ring-shaped guide 55 
and the guide 55 has projections 57-1 to 57-3. The rea- 
son why will be explained below in detail. 
[0097] Generally, optical lenses are manufactured in 

35 two steps. In the first step, a molding is prepared by us- 
ing a metal mold. In the second step, the molding is proc- 
essed by the use of a lathe, forming desired curved sur- 
faces and, in the case of the lens 50, forming the ring- 
shaped guide 55. In the lathe process, the molding is 

40 continuously rotated around a specific axis. This axis is 
substantially identical to the optical axis of the resultant 
optical lens. The ring-shaped guide 55, which is formed 
by lathe coaxially with the optical curved surfaces, is 
therefore coaxial with the shaft of the lathe, i.e., the op- 

45 tical axis of the lens 50. Hence, if the additional optical 
lens 100 is manufactured by using coaxial mold, it will 
have its optical axis aligned with that of the lens 50 when 
it is mounted on the guide 55. Thus, the guide 55 makes 
it easy to set the two optical lenses 50 and 1 00 in axial 

50 alignment. This advantage is particularly prominent in 
small diameter optical lens units, where optical curva- 
ture radius is small and relative misalignment against 
lens diameter has considerable effects on the lens per- 
formance. In a large optical lens unit, the lenses optical 

55 curvature radius is large and are not so severe against 
micrometer order optical axis misalignment 
[0098] The guide 55 does not directly contact the pro- 
jections having the inclined surfaces 101-1 to 101-3. 



9 



17 



EP 1 174 748 A2 



18 



The acute tips of the projections 57-1 to 57-3 do contact 
the projections having the inclined surfaces 101-1 to 
101-3. The stress applied between the optical lens 50 
and the additional optical lens 100 can therefore be re- 
duced. If the guide 55 directly contacted the projections 
having the inclined surfaces 101-1 to 101-3, a great 
force would be applied between the lenses 50 and 1 00, 
andeitherthe lens 50 orthe lens 100 would be ultimately 
deformed from the optimized original optical design. 
Should it happen, the guide 55 could no longer serve to 
set the lenses 50 and 100 into axial alignment and 
achieve designed optical performance. If a large stress 
is applied to the lens 50 or 100, only the tip of the pro- 
jections 57-1 to 57-3 will evenly collapse, absorbing the 
stress. Thus, the two optical lenses 50 and 100 remain 
coaxial ly aligned with each other. 
[0099] In the eighth embodiment, the ring 110, which 
is a light absorber, is interposed between the optical lens 
50 and the additional optical lens 100. The ring 110 ab- 
sorbs the excess stray light incident to the collar of the 
optical lens 50. This prevents the stray light from influ- 
encing the image formed in the image-forming plane of 
the optical lens unit. 

[0100] As shown in FIG. 9C, the projections 57-1 to 
57-3 may be provided on the inner circumferential sur- 
face of the projections having the inclined surfaces 
1 01 -1 to 1 01 -3 of the additional optical lens 1 00. It suf- 
fices to provide the projections 57-1 to 57-3 at any po- 
sitions, provided that they contact the inner or outer cir- 
cumferential surface of the ring-shaped guide 55. Alter- 
natively, the projections 56-1 to 56-3 may be provided 
on the lower side of the collar of the lens 100. In this 
case, the tops of the projections 56-1 to 56-3 contact the 
top of the guide 55, and the top of the guide 55 needs 
to have inclined surfaces similar to the surfaces 101-1 
to 101-3. 

[0101] As explained in conjunction with the first to 
eighth embodiments, the number of the components 
constituting the focal point adjusting mechanism is suc- 
cessfully reduced. This helps to miniaturize the optical 
lens unit and decrease the number of manufacturing 
steps thereof. In the first embodiment, for example, the 
cushion expands and contracts to adjust the focal point, 
though a screw-type rotating mechanism is employed. 
Thus, only a few components suffice to build the focal 
point adjusting mechanism. In addition, the space ac- 
commodating the screw-type rotating mechanism is 
separated from the space in which the image-forming 
plane exists. Dust, if generated at the screw-type rotat- 
ing mechanism or at the edges of the optical filter, is 
prevented from entering the space in which the im- 
age — forming plane exists. The image formed in the im- 
age-forming plane would have no black blemish caused 
by the dusts. Moreover, the cushion attenuates pseudo 
signals such as flare, enhancing the image contrast in 
the image-forming plane. 

[0102] In the second embodiment, when the lens cov- 
er 70 is moved, it pushes the lens fastener 60, which in 



turn pushes the optical lens 50. Thus, a screw-type ro- 
tating mechanism is unnecessary to adjust the focal 
point. Without a screw-type rotating mechanism, the op- 
tical lens unit can be manufactured at a very low cost. 

5 Why this is possible will be explained, with reference to 
FIGS. 1 0A and 1 0B. FIG. 1 0A is a sectional view of the 
mold for manufacturing the lens holder 30. FIG. 10B is 
a perspective view of a mold for manufacturing a plural- 
ity of lens holders identical to the lens holder 30. 

10 [0103] The mold shown in FIG. 10A is composed of 
three segments 120, 130 and 140. To manufacture the 
lens holder 30, the three segments 120, 130 and 130 
are put together as illustrated in FIG. 1 0A, thus assem- 
bling the mold. The molten material is poured into the 

15 mold and cooled. When the material solidified, the mold 
is split into the segments 120, 130 and 140. 
[01 04] The segment 1 40 serves to provide a space in 
which the optical lens 50 is set. The segment 1 40 should 
have a screw on its circumferential surface if it were a 

20 part of the mold for manufacturing the lens holder of a 
conventional optical lens unit that has a screw-type ro- 
tation mechanism. If the segment 140 had a screw, it 
could not be removed from the solidified molding unless 
it is rotated by means of a rotation device. 

25 [0105] The optical lens unit according to the invention 
has no screw-type rotating mechanisms. Hence, the 
segment 140 need not have a screw at all. It suffices to 
pull the segment 140 from the solidified molding. No ro- 
tation device needs to be used to remove the segment 

30 140 from the molding. Since the segment 140 has no 
screw, the mold can be manufacture at a low cost and 
the method of manufacturing the lens holder 30 is much 
simpler than otherwise. 

[0106] If the segment 140 had a screw as in the mold 
35 for manufacturing the lens holder of the conventional op- 
tical lens unit, it would undergo friction with the glass 
fiber or carbon fiber contained in the material of the lens 
holder 30 as it is rotated to be removed from the molding. 
Consequently, the segment 140 should wear, and the 
40 precision of the molding should decrease after the re- 
peated use of the mold. Having no screw, the segment 
1 40 can be smoothly pulled out of the molding and does 
not wear. Thus, the mold serves to manufacture the lens 
holder 30 with high precision and for much longer life 
45 time. 

[0107] In practice, many identical lens holders are 
usually made by the use of a single mold. The mold 
shown in FIG. 1 0B is designed to manufacture four lens 
holders at a time. The conventional mold for manufac- 

50 turing several lens holders has spaces in which rotation 
devices for rotating the segments 140. The devices are 
relatively large, each comprising some gears. The spac- 
es for holding the devices are proportionally large. Con- 
sequently, the segments 1 40 cannot be arranged at nar- 

55 row intervals, and the number of lens holders than can 
be molded by a single injection mold is limited. In the 
present invention, no rotation devices need to be em- 
ployed to remove the segments 140 from the moldings, 
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and the segments 140 can be arranged at short inter- 
vals. Hence, more lens holders can be molded at a sin- 
gle time than by the use of the conventional mold. This 
helps to reduce the manufacturing cost of the lens hold- 
ers. 

[0108] As mentioned above, the optical lens unit ac- 
cording to the invention has no screw-type rotating 
mechanisms. This serves to simplify the assembling of 
the optical lens unit and prevents variation in the inner 
diameter among the lens holder 30 which have been 
made by the repeated use of the mold. Further, no dust 
would be generated as the segment 140 is pulled from 
the molding. Thus, without a screw-type rotating mech- 
anism, the optical lens unit can be manufactured at low 
cost and can be improved in terms of focal point adjust- 
ing ability. 

[0109] In the third embodiment, the springs 41 are 
used in place of the cushion 40. Since the springs 41 
are made integral with the flange 33, the optical lens unit 
comprises fewer components than otherwise. Accord- 
ing to the present invention, any other elastic members 
replace the cushion 40. It is desired that the elastic 
member be black light-absorbing body that has a refrac- 
tive index similar to that of the optical lens 50. The elastic 
member absorbs the stray light coming to them. Thus, 
it prevents stray light from reaching the image-forming 
plane 5. The elastic member may be made of rubber or 
resin. Alternatively, it may be placed by springs of any 
type. 

[0110] It is desired that such an elastic member be 
made of material that exhibits an elastic deformation ra- 
tio of larger than 10 to 100 to the optical lens 50 and 
lens fastener 60. If so, only the elastic member under- 
goes elastic deformation when the lens fastener 60 is 
moved to adjust the focal point in position. This serves 
to minimize the elastic deformation of the optical lens 
50. Ultimately, the optical lens 60 can form a high-quality 
image. 

[0111] To secure optical components in prescribed 
positions, elastic rings may be used. Elastic rings are 
used mainly to held plane filters that need not be posi- 
tioned so precisely. Hitherto, they have been used to 
moderate the pressure holding the filters, i.e., the pres- 
sure applied to the components to which the filters are 
attached. That is, they have been used, not to adjust the 
focal point of an optical lens against the focal plane. 
[0112] Unlike the elastic springs for holding filters in 
place, the cushion used in the present invention func- 
tions to shield the space defined by the optical lens and 
the image-forming plane. The cushion performs another 
function of applying a pressure uniformly to the circum- 
ferential part of the optical lens. Hence, the cushion 
helps to enhance the focal point adjusting ability of the 
lens unit and to improve the quality of the image formed 
by the lens unit. 

[0113] In the fourth embodiment, the horizontal mo- 
tion of the focal point adjusting slide plate 73 is convert- 
ed to a force that moves the optical lens 50 up and down 



in the lens holder 30, thanks to the inclined surfaces pro- 
vided on the lens cover 70 and slide plate 73. In the fifth 
embodiment, the rotation of the lens fastener 60 is con- 
verted to a force that moves the optical lens 50 up and 
5 down in the lens holder 30, by virtue of the inclined sur- 
faces provided on the lens holder 30 and lens fastener 
60. Hence, the focal point can be minutely adjusted in 
both the fourth embodiment and the fifth embodiment. 
[0114] Image sensors for use in portable apparatus, 
such as mobile telephones, have become smaller in di- 
ameter, year by year. The optical lens used in such an 
image sensor is proportionally small. If a load is applied 
directly on the small lens, the lens unit and even the 
whole imaging module comprising the lens unit may be 
damaged. In the fourth and fifth embodiments of the 
present invention, the load on the optical lens 50 is 
small. This is because the optical lens 50 is neither 
pushed nor pulled directly. Rather, a force is applied to 
the focal point adjusting slide plate 73 to move the same 
in the fourth embodiment, and to the lens holder 60 to 
rotate the same in the fifth embodiment, thereby to move 
the optical lens 50. 

[0115] It should be noted that the focal point is adjust- 
ed as described herein, to correct the focal distance of 
the lens 50, which differs from the design value, or by 
daily molding condition, or molding cavity difference, or 
by raw material environment history, as well as assem- 
bly tolerance of the lens unit onto the image sensor. Ba- 
sically it is not aimed to bring every different image shot 
into focus. 

[0116] In practice, lens focusing adjustment mecha- 
nism will benefit the assembly process of the imaging 
camera module comprising an image sensor with lens 
unit, because it can absorb all the tolerance related var- 
iation of the assembly process, thus enabling the use of 
cheaper and less precise assembly machinery in the 
camera module assembly process. 
[0117] The first to seventh embodiments have only 
one optical lens 50, because most of optical lens units 
for use in portable devices have one lens. Some types 
of lens units for use in portable devices have a plurality 
of optical lenses. The present invention can be applied 
to an optical lens unit having two or more lens, too. FIG. 
11 A shows such an optical lens unit that is a modification 
of the first to seventh embodiments of the invention. As 
FIG. 1 1 A shows, a holder 80 holds two optical lenses 53 
and 54 together. The lenses 53 and 54 therefore moved 
together whenever the holder 80 is moved. 
[0118] The present invention can be applied to optical 
lens units that comprise an optical lens having no collar. 
FIG. 11 B is an exploded view depicting such an optical 
lens unit, or a modification of the first to seventh embod- 
iments. FIG. 11 C is a sectional view of the optical lens 
unit shown in FIG. 11 B. As shown in FIGS. 11 B and 11 C, 
an optical lens 50 is held between a lens fastener 60 
and a ring-shaped holder 90. The holder 90 is mounted 
on a cushion 40, which is placed on the flange 33 of a 
lens holder 30. 
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[0119] As may be understood from the modifications 
illustrated in FIGS. 11 A to 11 01 the present invention is 
advantageous if applied to an optical lens unit that has 
a relatively small number of lenses and to an optical lens 
unit that has a lens without a collar. 
[0120] In the sixth and seventh embodiments, projec- 
tions of the type described in conjunction with the fifth 
embodiment are provided on the flange 33 of the lens 
holder 30 and on the optical lens 50. The optical lens 50 
is rotated with respect to the flange 33, thereby to adjust 
the focal point in position. Thus, neither the sixth em- 
bodiment nor the seventh embodiment needs to have 
elastic members. This reduces the number of compo- 
nents. Further, the optical filter 36 provided in the sev- 
enth embodiment can be an ordinary square one that is 
inexpensive. 

[0121] The optical lens unit according to the eighth 
embodiment has two optical lenses 50 and 100. The 
guide 55 is provided for the optical lens 50. The axis of 
the guide 55 is aligned with the optical axis of the lens 
unit and combines the lens 50 with the lens 100. The 
guide 55 therefore easily sets the lenses 50 and 100 in 
axial alignment. The adoption of acute tip projection can 
reduce the stress applied between the lenses 50 and 
1 00, because the guide 55 does not directly contact the 
projections having the inclined surfaces 101-1 to 101-3 
of the lens 1 00. Rather, the projections 57-1 to 57-3 pro- 
vided on the guide 55 directly contact the inclined sur- 
faces 101-1 to 101-3. 

[0122] The method of compressing the elastic mem- 
ber is not limited to those employed in the first to fifth 
embodiments. Although the lens 50 has inclined surfac- 
es 51 -t to 51 -3 in the sixth embodiment, members each 
having an inclined surface may be used to move the op- 
tical lens 50. 

[0123] In the fifth to seventh embodiments, the optical 
lens is moved in its optical axis as it is rotated around 
the optical axis, while keeping two inclined surfaces in 
contact. Nonetheless, one of the two inclined surfaces 
may be replaced by projections as in the eighth embod- 
iment. In this case, too, the same advantages can be 
attained. In the eighth embodiment, the projections 35-1 
to 35-4 and the projections 56-1 to 56-3 may be formed 
in conformity with the inclined surfaces provided on the 
collars of the optical lenses 50 and 100. 



Claims 

1. An optical lens unit comprising an optical lens for 
focusing a light beam; a hollow cylindrical lens hold- 
er having, on an inner circumferential surface, a 
support section contacting one surface of the opti- 
cal lens and supporting a circumferential part there- 
of; and a lens fastener movable along an optical ax- 
is of the optical lens and clamping the optical lens 
jointly with the lens holder, thus holding the optical 
lens, characterized in that an elastic member (40) 



is interposed between the support section (33) and 
the optical lens (50); and the lens fastener (60) 
pushes the circumferential part of the optical lens 
(50) at the other surface, thereby to deform the elas- 
5 tic member (40) to adjust the position of a focal point 

of the optical lens (50). 

2. The optical lens unit according to claim 1 , charac- 
terized in that the lens holder (30) has a first screw 

10 (32) made in the inner circumferential surface that 
contacts the lens fastener (60), the lens fastener 
(60) has a second screw (61 ) that meshes with the 
first screw (32) and the lens fastener (60) moves 
along the optical axis when rotated around the op- 

15 tical axis, to control a pressure applied to the optical 
lens (50). 

3. The optical lens unit according to claim 1 , charac- 
terized by further comprising a lens cover (70) 

20 abutting, at one surface, on the other end of the lens 
fastener (60), and covering the other end thereof, 
for pushing the lens fastener (60) to move the same 
along the optical axis, thereby to control a pressure 
applied to the optical lens (50). 

25 

4. The optical lens unit according to claim 3, charac- 
terized by further comprising a focal point adjusting 
slide plate (73) provided on the other surface of the 
lens cover (70) and having an inclined surface (74) 

30 contacting the inclined other surface (72) of the lens 
cover (70), for applying a pressure to the lens fas- 
tener (60) via the lens cover (70), when moved par- 
allel to the lens cover (70), thereby to push the lens 
fastener (60) to move the same along the optical 
35 axis and to control a pressure applied to the optical 
lens (50), the inclined surface (74) of said focal point 
adjusting slide plate (73) and the other inclined sur- 
face (72) of the lens cover (70) being inclined at the 
same angle to a plane vertical to the optical axis. 

40 

5. The optical lens unit according to claim 1 , charac- 
terized in that the lens holder (30) has first projec- 
tions (37-1, 37-2, 37-3) provided on one open end 
near the light source and arranged in a circle, and 

45 the lens fastener (60) has second projections (67-1 , 
67-2, 67-3) provided on a part facing the one open 
end of the lens holder (30) and arranged in a circle, 
the first projections (37-1, 37-2, 37-3) and/or said 
second projections (67-1, 67-2, 67-3) have tops in- 
50 dined and extending in a circle, and when the lens 
holder (30) is rotated with the first and second pro- 
jections ( (37-1 , 37-2, 37-3; 67-1 , 67-2, 67-3) in mu- 
tual contact, the lens fastener (60) is moved in the 
optical axis within the lens holder (30), thereby to 
55 control the pressure applied on the optical lens (50). 

6. The optical lens unit according to claim 1 , charac- 
terized in that the elastic member (40) is a black 
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light-absorbing body that a refractive index is similar 
to that of the optical lens (50), contacts the optical 
lens (50), is supported by the support section (33) 
and absorbs stray light incident to a part of the op- 
tical lens (50). 5 

7. The optical lens unit according to claim 1 , charac- 
terized in that the elastic member (40) is made 
mainly of a material selected from the group con- 
sisting of rubber, resin and metal. 10 

8. The optical lens unit according to claim 1 , charac- 
terized in that the elastic member (40) is leaf 
springs (41), each inclined to that surface of the 
support section (33) that supports the optical lens 15 
(50). 

9. The optical lens unit according to claim 8, charac- 
terized in that the leaf springs (41) are formed in- 
tegral with the lens holder. 20 

10. An optical lens unit comprising an optical lens for 
focusing a light beam, a hollow cylindrical lens hold- 
er having a support section supporting the optical 
lens at one surface thereof and at the peripheral 25 
part thereof, and a lens fastener movable in the lens 
holder along an optical axis of the optical lens and 
coupled to the optical lens, characterized in that 

the optical lens (50) has first projections (51-1 , 51-2, 
51 -3) provided on a peripheral part and arranged in 30 
a circle; the lens holder (39) has second projections 
(35-1, 35-2, 35-3) on the support section (33) and 
arranged in a circle, and said fist projections (51 -1 , 
51-2, 51-3) and/or said second projections (35-1, 
35-2, 35-3) having tops inclined and extending in a 35 
circle; and the lens fastener (60) rotates the optical 
lens (50) around the optical axis, with the first pro- 
jections (51-1, 51-2, 51-3) and the second projec- 
tions (35-1 , 35-2, 35-3) set in mutual contact, there- 
by to adjust the position of a focal point of the optical 40 
lens (50). 

1 1 . The optical lens unit according to claim 1 0, charac- 
terized in that an optical filter (36) is provided on 

the optical axis and interposed between the optical 45 
lens (50) and the support section (33) of the lens 
holder (30), and the second projections (35-1 , 35-2, 
35-3) are located outside a region occupied by the 
optical filter (36). 

50 

12. The optical lens unit according to claim 11 , charac- 
terized in that the optical filter (36) is shaped like 
a square and the second projections (35-1, 35-2, 
35-3) are positioned adjacent to the four corners of 

the optical filter (36). 55 

13. An optical lens unit comprising a first optical lens 
having a collar, for focusing a light beam, and a sec- 



ond optical lens having a collar, for focusing a light 
beam, characterized in that a first guide (101-1, 
1 01 -2, 1 01 -3) shaped like a ring is provided on one 
side of the collar of the first optical lens (100) and 
arranged coaxial with an optical axis of the first op- 
tical lens (100); a second guide (55) shaped like a 
ring is provided on one side of the collar of the sec- 
ond optical lens (50) and arranged coaxial with an 
optical axis of the second optical lens (50), and has 
a diameter smaller than that of the first guide (101-1 , 
1 01 -2, 1 01 -3); and at least three acute first projec- 
tions (57-1, 57-2, 57-3) are provided on the inner 
circumferential surface of the first guide (101-1, 
101-2, 101-3) or the outer circumferential surface 
of the second guide (55) and contacts both the first 
guide (1 01 -1 , 1 01 -2, 1 01 -3) and the second guide 
(55). 

14. The optical lens unit according to claim 13, charac- 
terized in that a ring-shaped light absorber (110) 
is interposed between the first optical lens (1 00) and 
the second optical lens (50), located in the region 
enclosing the second guide (55), and contacts the 
first and/or second optical lenses (100, 50), for ab- 
sorbing light incident to the first optical lens (100) 
and/or the second optical lens (50). 

15. The optical lens unit according to claim 13, charac- 
terized in that second projections (56-1, 56-2, 
56-3) are provided on the collar of the first optical 
lens (1 00) and contact the top of the second guide 
(55), and the second guide (55) has, on the top, in- 
clined surfaces that extend in a circle, the first opti- 
cal lens (100) is rotated around the optical axis (3), 
thereby to adjust the position relative to the position 
of the second optical lens (50). 

16. The optical lens unit according to claim 13, charac- 
terized in that second projections (56-1, 56-2, 
56-3) are provided on the collar of the second opti- 
cal lens (50) and contact the top of the first guide 
(101-2, 101-2, 101-3), and the first guide (101-2, 
1 01 -2, 1 01 -3) has, on the top, inclined surfaces that 
extend in a circle, the first optical lens (100) is ro- 
tated around the optical axis (3), thereby to adjust 
the position relative to the position of the second 
optical lens (50). 
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